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ABSTRACT 



REDUCING “MATHS ANXIETY” 

IN 

COLLEGE ALGEBRA COURSES 
INCLUDING COMPARISONS WITH 
ELEMENTARY STATISTICS COURSES 

by 

Mike Bankhead 



Although I had been teaching for over twenty-five years both in America and England, because of the 
differences in the education systems, I had never taught a College Algebra course at the 100 level until 
the spring term of 1995. I was horrified at the apathy, apprehension, and lack of enthusiasm of the 
students taking the course. They had no confidence in their ability whatsoever with many anticipating 
failure before the course had started. 

During this term I identified what I felt were the underlying problems and then created and tried a large 
number of different ideas, which I call techniques , on my students. They were designed to help students 
overcome their fear of College Algebra, boost their overall level of mathematical confidence, and give 
them a positive attitude towards the course. 

This proposal discusses eight techniques that my students evaluated, eight others that I am currently 
testing on my students, plus four others that, for one reason or another, were deemed failures. I have 
also extended these ideas to my Elementary Statistics Courses and let those students evaluate the 
techniques. This proposal also compares the results from groups of students in both classes. 
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1. INTRODUCTION 



Although I had been teaching for over twenty-five years both in America and England, because of the 
differences in the education systems I had never taught a College Algebra course at the 100 level until 
the spring term of 1 995. It was indeed a jolt to observe the reaction of my students to what is actually 
very low level Maths. Many in the spring class of 1995 were repeating. Some were on their third or 
fourth attempt. Most of them sat around quietly, almost lifeless. Those that were in-groups laughed at 
their own anticipated incompetence. Those who were first timers were apathetic, apprehensive, and 
without enthusiasm of any kind. More disturbing was their overall attitude to the subject. They had no 
confidence in their ability whatsoever. The course was just a joke to many of them, many anticipated 
failure. 

It was a constant battle throughout the term just to keep the students attention and stop them chatting 
to their neighbors. A number of students brought nothing with them, not even a pencil. They just sat and 
stared at what I was doing but worse was to come. My evaluations were returned to me. Clearly things 
had gone far worse than even in the most terrifying nightmares that I had had during and after the course. 
We use the IDEA form at Bellarmine College. Question E asks “Overall, I rate this teacher an excellent 
teacher 1 '. My average had dropped to 3.64. Clearly I needed to act! 

I was also astonished at some of the things they did in tests. The following examples are just two of 
the many that I encountered while teaching this course. 



EXAMPLE 1 

X — 

On one of my tests, a student had ended up with the expression 

xy 

He proceeded to simplify this expression as follows : 

x-y _ x 1 -/ _ 

xy xy 



This is literally a minus sign all by itself ! 



EXAMPLE 2 

On another test, a different student had ended up with the expression 

to simplify this expression as follows : 

l°90 + x 2 ) _ log . . 

(1 + x 2 ) 9 

While I was horrified at what she had done I could not help being amused at the error. So as a joke I said 
“Surely that answer is much too big, the answer ought to be Twig”. I was even more horrified to hear her 
say, reproachfully, "You have not taught us the Twig function yet” ! 



log (1 + x 2 ) 

— . She proceeded 

(1 + x 2 ) 
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Both of these examples, together with many others, started me thinking about the underlying problem. 
Why do they carry out such totally wrong operations? How can I give them confidence in their 
mathematical ability and stop them treating the subject as one that they must inevitably fail? 

It is not unreasonable to expect their negative attitude to extend into any other subject that is 
mathematically orientated. So possibly finding a way to give them some confidence in their own ability in 
College Algebra may well help them substantially in other courses that involve mathematical concepts and 
operations. 

After teaching the spring 1995 College Algebra course, I felt that I needed to 

1) reduce the anxiety created by a College Algebra course ; 

2) get my students to relax, talking to me, and to each other in a positive way; 

3) create and maintain their interest in the classroom; 

4) boost their overall mathematical confidence, and keep this confidence and a 
positive attitude towards the course going throughout the course; 

5) make the tests less worrying; 

6) make every student believe from the beginning of the course, right through to the 
end, that they could not only pass, but also obtain a good grade; 

and 

7) give my students some way of redeeming themselves if they obtained a bad test 
mark or a bad assignment mark during the term. 

With these objectives in mind, I began creating and trying a large number of different ideas that I refer 
to as techniques (I have never liked this word, but I cannot think of a better one). Some of the techniques 
were designed to address one or more of the above objectives, some to solve a worry expressed by a 
student, and some to solve a problem I felt existed because of the behavior I observed. 

After using these techniques in the fall 1995 and the spring 1996 College Algebra courses , I obtained 
5 out of 5 for Question E on the IDEA form from every student in both classes. Unfortunately, I had no 
idea what the students had found helpful and what they had not found helpful. So I chose eight of the 
techniques I had used and let my students answer some questions and rank them on a form I created. I 
initially chose just eight because I thought my students would not take a lengthy form seriously. In fact the 
form I use now is three pages long, and most students clearly do take their time to respond to the 
questions. I recently found out that if I let them fill out the forms first and then lecture, I get more 
information than if I do the evaluation last and leave the room without returning. The reason is obvious. 

I started using the successful techniques in both my spring 1997 Elementary Statistics Courses. I 
used my own evaluation form, which I refer to as the short form (in Appendix A), with these students so I 
could compare these courses with the fall 1996 College Algebra courses. An analysis of these 
evaluations compared and contrasted with the College Algebra evaluations is in Section 4. The numerical 
data obtained produced some surprises for me. In view of them I have abandoned some of the 
techniques, because they did not achieve their objective, and refined others. The techniques , the failures 
as well, are discussed in the Section 2. 

I continue to try new ideas and encourage my students to let me know which ideas worked for them 
and which do not. At the present time I have my students rate some seventeen techniques both 
numerically and with various questions using a new three page form, which I refer to the long form (in 

Appendix B). 



O 

ERIC 



7 



For convenience the techniques discussed in Section 2 are summarized below. 



1. CHAPTER NOTES IN LIBRARY (INCLUDES WORKBOOK QUESTIONS) 

2. WORKBOOK 

3. TAKE ONE SHEET OF PAPER INTO TEST (INCLUDING FINAL) 

4. ADDITIONAL STUDY SESSION * DURING FREE PERIOD 

5. EXAMPLE TEST BEFORE EACH TEST INCLUDING FINAL 

SOLUTIONS AND MARKING SCHEME IN COMPUTER AREA AFTER TEST 

6. COLOURED CHALK ON BOARD 

7. GRADED BONUSES ON ALL TESTS (TO ENCOURAGE THEM TO THINK DURING THE 
TEST) 

8. GROUP PROJECTS AND WORKING IN GROUPS ON PROBLEMS 

9. ANY NUMERICAL ANSWER REQUIRES A SENTENCE CONTAINING THE NUMBER IN 
THE CONTEXT OF THE QUESTION. 

10. CREATE SPECIAL TECHNIQUES FOR THOSE TOPICS THAT CAUSE DIFFICULTY 
(KILL FOIL!!!) 

11. USE THE TEXTBOOK AS A SET OF NOTES TO MINIMISE THE AMOUNT OF WRITING 
STUDENTS DO IN CLASS. 

12. MAKE AND USE TRANSPARENCIES OF GRAPHS, RULES, ETC. SO TIME IS NOT 
WASTED DRAWING OR WRITING THEM ON THE BLACKBOARD. 

13. ALL QUESTIONS ON TESTS STRAIGHT FROM BOOK 

14. HAND OUT COMPLETE SOLUTIONS TO SOME TYPICAL PROBLEMS PROPERLY 
WRITTEN OUT 

15. USE TOPICAL PROBLEMS IN LECTURE. 

16. 90% OR MORE RULE (4 TO 5 WEEKS BEFORE THE END OF TERM) 

17. SETTING 8 QUESTIONS ON THE FINAL - STUDENTS SELECT ANY 6 FOR FULL 
MARKS. 

18. TWO POINTS FOR EACH LECTURE ATTENDED. FOUR POINTS FOR ATTENDING AN 
ADDITIONAL STUDY SESSION. 

19. BEAT THE CLOCK. 

20. 5 MARK ATTENDENCE BONUS. 

MY CATCHPHRASE 



On the first day we meet I put an overhead projector slide of the following page on the projector. The 
purpose is to emphasize the importance of learning the rules of mathematics and practicing them on as 
many problems as possible. It also seems to break the ice a little. Later in the course when my students 
and I have got to know each other better, if I start to use the catchphrase, quite often some of my students 
will chant the rest of it back to me! 
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MATHS IS FUN 
BECAUSE 
MATHS IS EASY 




YOU KNOW THE 

RULES 

AND 

PRACTICE 

To emphasise the ‘Rules and Practice* part of my catch phrase, I use a number of 
true stories involving cricket. For example, in 1989 I went with a number of faculty and a 
group of students to Oxford University, England. We were going to complete some courses 
over there and sightsee at the same time. Before we went, I knew that students from Ohio 
State University would be there for their summer school and, at some point, B charm hie and 
Ohio State would play cricket against each other. 

For some three months before going over, I taught our Bellarminc students the rules 
of cricket and had them practicing against each other. However, the Ohio State students 
were all new to the game and did not know that our students had played before. They made 
all the usual mistakes that Americans make when playing cricket. For example, I had taught 
my students to make sure the cricket ball, which is about the same sixe and weight as a 
baseball, bounced BEFORE it got to the batsman. Americans are not used to this. 
Unknowingly, the Ohio State students hurled the ball at our batsman as fast as they could at 
about mist height, BUT a cricket bat is about four inches wide and FLAT. Our Bellarminc 
students thougit Christinas had come early! They amused themselves trying to blast the ball 
into orbit!!! Bdlwminc wiped the floor with Ohio State - H was a massacre!! Why * because 
our students knew the rules and had practiced; When I tell my students that there is a Maths 
Test next week mid ask them what arc they going to do, they know the answer - 

KNOW THE RULES AND PRACTICE! 









BEST COPY AVAILABLE 
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2. THE TECHNIQUES 



This section contains three sub-sections called LIST A, LIST B, and LIST C. The first section, 
LIST A, includes all those techniques that were initially evaluated. The Evaluation Analysis section 
(Section 4) in this proposal, compares and contrasts the techniques in LIST A between the College 
Algebra courses and the Elementary Statistics courses using the short form (in Appendix A). The second 
section, LIST B, includes those techniques currently being evaluated together with those in LIST A. The 
new form (the long form), in Appendix B, uses an improved evaluation method. Data using the long form 
are still being collected. The final section, LIST C, discusses those techniques that were tried but deemed 
failures. 



2.1 LIST A 



These eight techniques were the ones that were initially selected for testing using the short form. 



1. CHAPTER NOTES (NOW INCLUDES QUESTIONS FOR WORKBOOK) 

Originally Chapter Notes were intended for my use only. I did not intend to hand them out to my 
students. When I taught a course for the first time, or a new textbook had been selected for a course 
I was teaching, I went through it, page by page. I listed definitions, the examples I wanted to go 
through, together with why they were important, formulae, important exercises, etc. together with the 
page numbers for everything listed. The objective was to ensure I covered every topic in each 
chapter that needed to be covered as well as any important examples and exercises. Some of my 
students noticed them and asked me to make them available to them. Many students have since 
commented that they have been very helpful. They use them as a checklist i.e. they work through a 
set of Chapter Notes checking to see that they know the meaning of each term. If they do not, the 
page number in the Chapter Notes makes it easy for them to check the forgotten item in the 
textbook. 

Before making the Chapter Notes available to my students, I used to write the numbers of the 
questions for the workbook (discussed in the next section) on the board. These exercises are now 
included in the Chapter Notes. I used to put these notes on reserve in the library. Students then 
took them out to copy them. Now I have my own Web page on the Internet my students can print the 
Syllabus, Chapter Notes, Example Tests, Solutions to Problems, plus any other relevant material on 
any computer in the college or even from home. 

An example of Chapter Notes for Chapter 3 of Barnett and Ziegler’s “College Algebra" and 
Chapter 6 of Moore and McCabe’s “ Introduction to the Practice of Statistics" is included in 
APPENDIX C. The format of the Chapter Notes various from subject to subject and even chapter to 
chapter within a textbook. On many occasions other faculty in the department, who are going to 
teach one of these courses for the first time, have requested copies of my Chapter Notes. It is now 
even easier to oblige them - 1 just refer them to my Web page! 



2. WORKBOOK 



The workbook was in response to some problems that I observed and to comments from of my 
students. Students buy a binder and a lot of blank paper. They then complete a collection of 
questions that I have previously selected from the end of each section of the textbook. 

One of the things I noticed the first time I taught College Algebra was that many of my students 
had the rules of Maths totally muddled up in their minds. So every time we came to a rule, I 
emphasized it, and introduced them to my new motto “Maths is fun, because Maths is easy, I F you 
know the rules and_ practice ". Now in a class when I announce we are going to look at a rule, 
students will occasionally remark “It’s a rule, we had better make sure we know it". The workbook 
was designed to help my students remember the rules by giving them the practice they needed. The 
100 bonus points, over and above the 1000 marks for the course, was designed to encourage them 
to complete it. 

A common question from students after a bad first test, was should they drop, or if they did badly 
in the Final would they fail the entire course. I felt that one bad day should not destroy a student's 
grade. A student can complete the workbook and gain 100 bonus marks (out of 1000). This can 
certainly help make up for a bad day. Even more important, completing the workbook gives a 
student the necessary practice, which should reduce the chances of having a bad test day. 

The important thing about the workbook is that it is a PURE BONUS added on to their final 
mark. On a 1000 point scale the workbook is worth 100 marks i.e. with 100 marks for the workbook, 
a student could get 1100 marks for a course (at least theoretically). Since this is equivalent to one 
whole grade, I expect a very high standard. I collect the workbooks once per term and mark them. 
However, this is an interim mark . On the day of the Final I collect all of the workbooks and mark 
them from the beginning as if I had not seen them before. This allows a student who did not get a 
good grade during the term, to go back and correct/improve their work. 15% of the mark is for 
presentation and 85% for completing all of the questions correctly. The final letter grade is converted 
into a percentage bonus, which is then added to their total. The percentages for each grade are 
below. 



A+ 


10% 


A 


9% 


A- 


8% 


B+ 


7% 


B 


6% 


B- 


5% 


C+ 


4% 


C 


3% 


C- 


2% 


D 


1% 


F 


0 



The task of obtaining a final letter grade for each student is not as daunting as it may seem. I 
have all the marks stored in an EXCEL spreadsheet. The spreadsheet is programmed to calculate 
and display their final letter grade. It can also display the letter grade of any student at any time 
during the course. So if a student wants to know their current standing in the course, I only need to 
locate a computer to give it to them. 

I select questions to be done in the workbook from the end of each section of the textbook. For 
each main topic or concept, I choose one question that is easier than those solved within the text, 
one about as difficult, and one that is more difficult. I set only odd numbered questions so that they 
can check there answers in the back of the book. The amount of work involved is substantial, clearly 
it must be, if I am going to give one whole grade extra for it. 
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I do not mark every question in a workbook (that would be impossible). Instead I select a few 
questions in each section and check them. My students never know which questions I have selected 
for checking. Those questions involving a graph(s) are particularly good ones to check because they 
must draw the graph by hand. This minimizes the possibility of copying either from the answer book 
or from a past workbook. Quite often I am able to check all the questions on a College Algebra 
course because they are, typically, very simple to check and I have devised a method for speeding 
up the process. 

Since, sadly, it is very easy to cheat with the workbook, there are a number of necessary 
precautions that I take before increasing a students final grade due solely to the workbook. These 
checks are based upon bitter experience! 

1) I check that answers have not been copied from the answer book into the workbook. 

2) I check the working of certain questions that I know take a lot of time to do well. 

3) I check that the handwriting in the workbook is the same as the handwriting in the Final. 

4) I check that the handwriting throughout the workbook is the same. 

5) To stop students copying from past workbooks, I change a few questions. For example, if I 
required questions 1, 3, 5, 6 in one section last term, then this term I might change it to 1, 2, 
4, 7. Then before I increase the grade of a student due purely to the workbook, I check to 
see if the correct questions are present. I am at the moment very fortunate. My fifteen-year- 
old daughter loves checking that a student has completed all sections and all questions 
within a section (not the answers of course). She is actually very good at it. I give her a 
complete checklist and away she goes. Last term it was my daughter, not I, that noticed a 
workbook contained two different handwritings! 

The objective of the workbook is to provide a student with the necessary practice and help 
prepare him/her for the tests. This in turn reduces the chances of a student having a bad test day 
and also, since they are better prepared, reduces worry associated with taking a Maths test. In spite 
of the amount of work involved, many students have commented on how valuable they have found 
the workbook to be. 



3. TAKE ONE SHEET OF PAPER INTO TEST (INCLUDING FINAL) 

Each student is allowed to take One sheet of paper into any test of mine including the final. 
They can write anything they like on both sides of the sheet. This is to reduce the anxiety over taking 
a Maths test. From an academic standpoint, in order to decide what to put on the piece of paper, 
they have to read the book - which is exactly what I want them to do. From the students point of view 
it would seem that it is comforting to have some information that they have put together with them. 
Since they can write anything they like on this sheet, cheating is not possible. 

I do state clearly that the piece of paper must be the standard size. When I first started doing 
this, I omitted tell my students the size permitted, and a number of students brought in a huge piece 
of poster board. Yet another brought in a roll of white wallpaper! It is quite common for students to 
use a copier to substantially reduce information before pasting it onto their one piece of paper. I 
have even seen students having to use a magnifying glass to see the print on their one sheet! I have 
no objection to them doing this. 

Clearly, the format of the questions on tests has had to change. I cannot ask for proofs or 
definitions because some of my students might have brought it with them on their one sheet while 
some may not. This would give those students who were just lucky enough to put it on their one 
sheet, an advantage. I have had comments from other faculty that taking a sheet of paper into a test 
means that students do not have to memorize formulae. I never require my students to memorize 
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formulae. I actually tell students not to waste space on their one sheet with formulae, any formula 
they need will be writen on the blackboard or at the end of a test. I believe it is worrying for a student, 
who is already poor and perhaps even a little frightened of Maths, to be forced to memorize a 
formula. If they were out working in industry and needed to use a particular formula, it is far more 
important that they know when they need it, and where to find it, than to commit a formula to memory 
and perhaps not know what it is for. In consequence my test questions overall are far more 
demanding than they used to be before I started using these techniques. 



4. ADDITIONAL STUDY SESSION 

During the course of the term, usually before a test, I put on an additional study session, which 
usually lasts from 45 minutes to an hour. Although I am quite happy to stay as long as they want me 
to stay. They can ask me to do anything from solving a problem to repeating some theory. I have 
had as many as 80% of a class turn up to one of these sessions. Strangely enough as each student 
leaves an additional study session, they thank me for it. This never happens after a normal lecture. 

These study sessions take an extra 8 to 10 hours of my time during the average term, however, 
the positive response of my students during a normal class and during a session justifies ever minute 
of them. I now call Additional Study Sessions, Additional Study Hours (ASH). This is because on 
one particular day, without thinking and for speed, I wrote the acronym for Additional Study Sessions 
in big letters on the board and then wondered why my students were laughing! We do not spell it like 
this in England! 

5. EXAMPLE TEST BEFORE EACH TEST INCLUDING FINAL 

SOLUTIONS AND MARKING SCHEME ON COMPUTER AFTER TEST 

About a week before a test, including the final, I give each student an example test to practice on 
before the real test. I set two questions as assignments from each example test as preparation for 
the real test. I encourage students to complete the remainder, although I do not take their work in 
and formally mark it. I do tell my students that if they want me to, I am happy to check the extra 
questions. 

None of the questions on an example test appear on any real test. Part A of an example test is a 
complete past test that was taken by some of my students during a previous term. Part B consists of 
additional questions so that all the concepts that could be on the test are covered. I also put the 
solutions to the example test on my web page after they have had a chance to complete it. I make 
sure that the questions on the two in-term example tests and the example final cover the entire 
syllabus. This is to ensure that my students become familiar with the entire course before the Final. 
Many students see the advantage of completing these tests before the real tests. 

The objective of providing example tests is to reduce the anxiety associated with taking a Maths 
test. It also gives them the necessary practice and shows them the format of one of my tests. 
Another thing I have found reduces anxiety in the real test is to ensure that there is plenty of time to 
complete and check the test. Now I always write tests so that my students are not competing against 
the clock. 



6. COLOURED CHALK ON BOARD 

I have used colored chalk on the blackboard for many years. Although this technique did not do 
well in the evaluations, due possibly to the ranking approach of the form used, the latest form I use 
suggests that it does help my students. Also comments I get from students on the latest evaluation 
form make it quite clear that it is helpful during a lecture. 
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I use different colors for different things depending on the course. I make a list of the colors I 
use for different things in any course. Then if I do not teach the course for a while I have a reference 
list to which I can refer. For example, in a course involving differentiation, I use white chalk for the 
main working, red chalk for a derivative, yellow chalk for a second derivative, blue chalk for a rule i.e. 
the product rule etc. In College Algebra, the minus sign before a bracket is in red (for danger!). After 
I have done this a few times making sure my students are familiar with the danger, I stop doing it and 
ask my students what is missing. They usually tell me to change the white minus sign to a red minus 
sign. For a course involving computers, I use white chalk for the characters the computer puts on 
the screen, orange chalk for characters that must be typed in by the student etc. Students get used 
to the meaning of a particular color. It breaks up what is on the blackboard and makes it easier to 
pick off the derivative, a formula etc. 

Another idea I found useful is to divide up the blackboard. I might divide it into three parts. For 
example, the left part for terms using red chalk, the middle portion for main work, the right portion for 
graphs drawn using different colors. I am frequently teaching a topic that I have taught hundreds 
times before, having to think about which color to use helps me stay focused. 



7. GRADED BONUSES ON ALL TESTS (TO ENCOURAGE THEM TO THINK DURING THE TEST) 

The objective of this technique is to make my students think throughout a test. This technique 
came in fourth on the student evaluations. The comments I have received and the overall response 
to this technique suggests that it does indeed cause students to think more deeply about the 
questions that they have to answer on the test. 

What I give bonuses for depends on a variety of things. I expect more from my students as the 
course progresses - hence graded bonuses. On the first test, I may give one point bonus for putting 
a complete title on a graph or the equation of a line alongside the drawn line. On future tests the title 
and the equation by the line are expected, so there would be no bonus available. In Test 1, if they 
solve a problem, then carry out a relevant check, I may give a bonus, but checking an answer is 
expected on future tests. I want them to be constantly thinking about ways to gain bonuses so they 
constantly think about, not just the questions on the test, but also the underlying concepts and related 
topics. 

For each test I create a complete marking scheme. It will include marks for everything I require 
to obtain full marks to each question. After marking every student's script, I can then award bonuses 
based on anything extra that has been included in an answer. To gain a bonus or bonuses anything 
extra must be relevant to the question. I have had students in the past who were unable to answer 
the question on the test invent their own question, then proceed to answer it, expecting to gain 
bonuses. Obviously they gained nothing. I do not give bonuses for an answer that could have been 
brought in on their one sheet. I am much more interested in an answer that shows they understand 
the underlying concepts. Something that could have been memorized, perhaps without 
understanding, would not gain a bonus mark. As a course progresses I find that students improve 
their understanding of the underlying concepts, so they are better able to gain bonuses during tests. 



8. GROUP PROJECTS AND WORKING IN GROUPS ON PROBLEMS 

I like to have my students working in groups, partly because this is often what they are likely to 
encounter out in the real working world, and partly because it promotes student interaction. I create 
deliberately open-ended projects because it allows students to use their imaginations and creativity. 
This works well with Statistics courses but not with College Algebra. The problem is that I have been 
unable to devise projects that are sufficiently open-ended to use as group projects in College 
Algebra. At the present time I have my College Algebra students completing one workbook for two 
students with the answers in the workbook alternating between students. This is a very new idea. My 
theory is that to produce an alternating workbook, they must talk to each other! However, I am 



currently trying to devise suitable projects for College Algebra because working in groups of three 
works so well in my statistics classes, that I want to do the same thing in my College Algebra 
courses. I include some examples I use in my Statistics courses to show why I am so keen to 
introduce open-ended projects into my College Algebra courses. 

I use the following projects in my statistics classes. They are deliberately very open-ended so 
that my students can use their imaginations and be creative. For each project they must think of an 
idea that requires them to measure something. I do not permit students to lift data out of a book or 
off the Internet. Then they must collect the data, complete a write-up, and give an oral to the class. 
The oral requires a group to create what I call visuals. These are poster board sized graphs, data, or 
results, large enough to be seen from the back of the classroom. They are used, by the group 
member giving the oral, to show that the conclusion reached by the group is correct. 



PROJECT 1 



Collect 50 data values that you believe will be normally distributed. Plot your 
observations on a graph together with the associated normal curve. Explain how you 
determined where to draw the normal curve on your graph. Use the 68-95-99.7 rule, as 
shown in Example 1.18 - P66, to assess the fit of the normal curve to your data and a 
Normal Quantile Plot. Comment on your results in your write-up and justify your 
conclusion in your report to the class. 



PROJECT 2 



Select two variables that you believe can be modeled by a straight line. Collect a 
minimum of 20 pairs of data. Draw a scatterplot of your data together any other graph you 
feel appropriate. Compute the least squares regression line and draw it on the graph of 
your data using the same axis. Compute any other values that you believe are relevant to 
your study. Explain clearly what you were trying to do, any assumptions you made, and 
your conclusion. 
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The instructions for marking this type of work were developed over a period of time. The latest 
marking scheme, which solve the problems I had originally, are as follows : 



Each member of a group will get the same mark based upon the following marking 
scheme. 



Correct Procedure and Analysis 
Written Presentation 
Oral Presentation 

Visuals 

TOTAL MARKS FOR GROUP PROJECT 



40 marks 
20 marks 
20 marks 
20 marks 

100 MARKS 



1. The typed report, one per group, should include the original data, any graphs, and an 
explanation of what you are trying to do in your study. Discuss any factors, which may 
affect the validity of the study. Do not include the calculations just the results (unless you 
feel that they are essential). State your conclusion clearly. 

2. A representative of each group will present a BRIEF report on the topic to the class (it 
should be between 4 and 5 minutes long). DO NOT READ YOUR REPORT. You 
should state what the study was about and what you discovered, and the conclusion your 
group reached. 

3. Hand in TWO copies of your work. One I keep and one I return to you. 



I am frequently amazed at some of the ideas my students come up with and the standard of the 
work they hand in. Here are three of the many ideas I have received. 



7<£e oj cut 

This group built 15 model planes using the same weight of material for each plane but making 
each plane a different length. The shortest plane was 14 centimeters long, the next 15 
centimeters long, etc., up to the longest at 28 centimeters long. The group then flew each plane 
five times to obtain the average distance traveled. The objective was to determine if a linear model 
would accurately predict the distance that a model plane of a particular length would travel. This 
group also carried out a residual analysis. Since residual analysis is not part of the course, they 
had to go to the library to find out how to do it. 



Gum, 



This group built a potato gun. It was made out of PVC piping four inches in diameter and about 
6 feet long. At one end there was a special section into which hair lacquer could be squirted and 
ignited. They went to a park and shot 60 potatoes out of it, measuring the distance each one 
traveled. The objective was to determine if the distance traveled was normally distributed. I was 
amazed to learn that this gun could shoot a softball-s\zed potato 400 feet! They found the 
instructions for building the gun on the Internet. They were very keen to demonstrate the capabilities 
of their new-found toy. They arrived with the gun on the day of their oral ready to shoot a large potato 
out of the classroom window and over a nearby building! While I was very interested to see what it 
could do, I would not let them blast a potato over the top of our new library! 



/tow 

Another group bought fifteen eggs and, using a ladder, dropped them from fifteen different 
heights. They then measured the maximum width of the splatter on the ground. The objective 
was to determine if a linear model would accurately predict the maximum splatter given the height 
from which the egg was dropped. They were careful to reduce the effect of lurking variables while 
obtaining the measurements. For example, one member of the group dropped all the eggs making 
sure the orientation of each egg was the same before it was dropped, another member of the group 
measured the width of the splatter, while the third member of the group recorded the measurements. 
It was amazing to see how well the least-squares line fitted the data on their "splatterplot (their idea 
not mine!). The correlation coefficient was 0.998. 



The standard of the work that I have received has been quite amazing. A number groups came 
in to do there presentation with props or dressed up in clothing related to the project. Often the 
graphs in the written work have been completed in color using SPSS. This is a statistical piece of 
software that I do not teach on this course - group members teach themselves! Just recently groups 
have started to do their presentations in PowerPoint. They have to teach themselves this piece of 
software because I do not teach it during the course. 

Initially marking their written work was difficult because of the variety of topics. To get around 
this problem I created a general checklist from the textbook and marked each project against it. This 
made it possible to compare and contrast projects and ultimately come up with a comparative fair 
grade. 

There are frequently problems with some groups. These arise when a group member never 
shows up for an out of class meeting, or does nothing or very little towards the project. I do not 
believe it is the student’s job to police the projects. It is my job to check that all is working well within 
the groups. I have created a checklist that I fill out during a group session in class. I go through the 
project with a group asking who did the various parts of the project and writing the names down 
alongside the item on my checklist. I have tried many different approaches to this problem. I have 
found that the checklist idea is the only one that works. 

I firmly believe that students who are having fun are also learning something. My students seem 
to find working in-groups in class more fun than a normal lecture. I assume that this is because they 
are working together and discussing questions. While they are working in-groups I walk around 
answering questions. This is fun for me too! 
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LIST B 



These techniques are currently being tested using the long form. 



9. ANY NUMERICAL ANSWER REQUIRES A SENTENCE CONTAINING IT IN THE CONTEXT OF 
THE QUESTION. 

Some years ago I became unhappy about giving as many as 10 marks for obtaining the correct 
numerical answer to a question. It occurred to me that I could probably train the average monkey to 
press the correct keys on a calculator and get the right number. However, the monkey would not 
know the meaning of the number, and I felt that some of my students did not know either. So I 
began to insist that students showed me that they knew the meaning of the number they had 
calculated by including it in a sentence in terms of the question. I soon discovered that many 
students did not know the meaning of the number they had obtained on their calculator screens. 
Consider the following example from a past exam, the exam question was : 

Dan wants $2,000 now, from a bank, to be repaid 18 months from now. How much will the 

repayment be if the discount rate is 15%? 

The correct numerical answer is $2,580.65. Five years ago, this answer would have earned this 

student 10 marks. However, the sentence from this student was : 

In 18 months time, with a discount rate of 15%, the bank will pay Dan $2,580.65. 

(I am still trying to locate this bank : and when I do I won’t tell anyone - its mine!!!). 

Students who write a correct sentence with the correct numerical answer in it, but with no 
working to back it up, do not get the marks allocated to the correct answer in a sentence. They must 
show all of the working to gain credit for their answer (I never forget that they bring one sheet of 
paper in with them!). 

I have asked students for their opinion on writing a sentence for any numerical answer. Last 
term one of my students said “Having to write a sentence helps me understand the ideas”. I was 
very pleased with this response, although there are certainly students who do not share this view! 

I now feel that if a calculator is used in any course, checking that students do understand the 
meaning of the number that has appeared on the calculator screen is essential. 



10. CREATE SPECIAL TECHNIQUES FOR THOSE TOPICS THAT CAUSE DIFFICULTY 

I found that many students had considerable difficulty with certain topics which could easily be 
modified to either simplify the approach or make routine what students had to do to obtain the correct 
solution(s). I simplified this type of topic by creating what I call a special technique. The objective of 
a special technique is to reduce “Maths Anxiety" by making it possible for any student, whatever their 
mathematical ability, to obtain the solution(s) to a type of problem that causes difficulty using the 
approach described in most textbooks. Of course, it is important that the special technique does not 
obscure the underlying concept(s). To illustrate what I mean by a special technique I include two in 
this paper. 

I created the first special technique in the second week of the Spring term of 1995. I called it the 
Arrow Method. I needed to teach my students how to multiply out algebraic expressions, a process 
which some students found very difficult. However, the book used a method called FOIL, which I 
had never encountered before in spite of 25 years of teaching Maths.. This method amazed me. It 
was indeed a new experience! My students had to learn the meaning of the word FOIL, and then 



ERIC 




but only if there are two terms in each bracket. If the problem was not of this type, FOIL was discarded, 
because it could not be used, and another method was employed. It seemed crazy to me to force 
students, who are frequently very weak in Maths, to learn a special process that only works in one 
specific situation, and then discard it and teach another approach for all those situations in which FOIL 
cannot be used. The Arrow Method (Special Technique 1 - on the next page) can be used to multiply 
out any algebraic expressions. However, since this database is not reproduced in color, I have used 
different types of lines and fonts to show the color of the chalk I use in class. The notation is shown 
before the examples. 

The Arrow Method uses what I call arrow sets. The highlight in 1) covers one arrow set. So 1) 
has two arrow sets, one above the expression and one below, while 3) has three arrow sets, one 
above and two below the expression. I draw each arrow set using chalk of a different color and write 
the resulting terms to the right of the equal sign in the same color as the arrow set, before finally 
collecting up terms using white chalk. Even though the arrow sets below the expression in 3) cross 
each other, there is no confusion because they are drawn using different colored chalk. I tested various 
ways of drawing the arrow sets and found that those on the next page are the most effective. When 
teaching the Arrow Method I always have a colored transparency of the next page on the overhead 
projector. 

I wanted to include the results of a survey at this point, to show that my students preferred the arrow 
method to FOIL. However, in each evaluation every student preferred the arrow method. Many 
students include the arrows on their tests and in the Final and some even draw them in color, even 
completing the problem in color. Is it time to lay FOIL to rest forever? 

I created the second special technique after I noticed that many students had difficulty finding the 
two linear factors with integer coefficients of a second-degree polynomial (if they exist) i.e. finding the 
factors of a second-degree polynomial relative to the integers. The Guaranteed Factor Method 
(Special Technique 2 - described after the Arrow Method) uses a program that each student inputs into 
their own TI-83 calculator. There are two major advantages to this approach. One is that any student 
can obtain the correct linear factors with integer coefficients using this technique, and when using the 
program they can see that the quadratic formula is being used. The other advantage is that they learn 
the meaning of some of the important programming terms and phrases, such as input , editing a 
program , executing a program , and output from a program. Clearly, this program can also be used if 
just the roots of a quadratic equation are required. 

There are many topics that cause students difficulty, and hence Math Anxiety, that can be modified 
and simplified. Some of these special techniques take a lot of time to create and test. However, I have 
always found that this extra time is well spent. If there was a first law of teaching, I think it would read : 

Teacher gives more; 

Students get more; 

Teacher gives less; 

Students get less; 

There are no shortcuts! 
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SPECIAL TECHNIQUE 1 - THE ARROW METHOD 



NOTATION 

Color of Chalk Used for Arrow Sets (using different styles of lines) 

Red Chalk = Yellow Chalk = = = = = = = = = Green Chalk = — — — — 

Color of Chalk Used for Characters (using different fonts) 

Red Chalk = 10x a -35x Yellow Chalk = 4t + 14 Green Chalk = 21x+14 White Chalk = 7x+2 











f 3 


* 

m 



1) (5x - 2) (2x - 7) 

:: A A 

II II II 



Arrow Set 

10x* - 35x -<?* + /<? 

10x 2 - 39x + 14 





2) (7x + 2) (x 2 + 3x - 9) 

II II II II 



7x 3 + 21x 2 - 63x + 2z 2 + 6z-tX 
7x 3 + 23x 2 - 57x - 18 



3) (2x 2 - 5x + 7) (3x + 2) 

I AA AA 

n 

I *-11 -I 



6x 3 + 4x 2 - 15i z - tO % + 2lx + 14 

6x 3 - 11x 2 + 11x + 14 



m 

4) 2x 3 (3y + 2z) = + 4 x 3 i 
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SPECIAL TECHNIQUE 2 - THE GUARANTEED FACTOR METHOD 



Many students have difficulty finding the two linear factors with integer coefficients of a second-degree 
polynomial (if they exist) i.e. finding the factors of a second-degree polynomial relative to the integers. The 
Guaranteed Factor Method uses a program, input by a student into the TI-83 calculator, to find these 
factors for any second-degree polynomial of the form Ax 2 + Bx + C. For example, if the two linear 
factors with integer coefficients of the second-degree polynomial 12x 2 +7x-10 are required, this 
method will let any student find the expression (3x - 2) (4x + 5). The output from the program will 
make it clear, if the polynomial cannot be factored relative to the integers. The following program, called 
QUADPROG, must be entered into the calculator first. If you do not know how to enter a program into the 
TI-83, the full key sequence from the home screen, is shown after the examples in Table 1. 



PROGRAMiQUADPROG 
:Prompt A,B,C 
:(-B + V(B 2 - 4AC ))/ 
(2A)-»P 

: ( -B-V( B 2 - 4AC))/ 
(2 A)-»Q 

: Disp "ZEROS ARE 
",P»Frac,Q»Frac 



The program can be executed with the key sequence <PRGM> 1 <ENTER> (assuming 

QUADPROG is program 1 when you press the <PRGM> key). 

When this program is executed there are three and on/y three possibilities : 

Case 1 : The program will display the error message ERR:NONREAL ANS, in which case the 
second-degree polynomial CANNOT be factored relative to the integers because the 
zeros are imaginary. 

Case 2 : The program will output TWO decimal numbers, in which case the second-degree 
polynomial CANNOT be factored relative to the integers. 

Case 3 : The program will output two fractions , one fraction and one integer , or two integers , in 
which case the second-degree polynomial CAN be factored relative to the integers. 

Note 

1) The denominator of the fraction(s) will be the coefficients of the x term in each 
linear factor (the denominator for any integer is 1 ). 

2) The numerator of each fraction will be the constant in each linear factor. 
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Summary of the Method 



Step 1 
Step 2 
Step 3 
Step 4 

Step 5 



Step 6 



Rewrite the expression if the sign of the x 2 term is not positive. 

i.e. rewrite 10-7x-12x 2 as - (12x 2 + 7x - 10) 

Remove all common factors. 

i.e. rewrite 48x 2 + 28x-40 as 4( 12x 2 + 7x - 10 ), 

Identify the values of A, B, and C 

i.e. compare the given or rewritten expression with Ax 2 + Bx + C 
Execute the program QUADPROG with the key sequence <PRGM> 1 <ENTER>. If the 
two values displayed indicate that the expression does have two linear factors with integer 
coefficients go to Step 5, otherwise STOP. 

Let one of the values displayed in Step 4 be a and the other be b, substitute these values 
into the expression (x - a) ( x - b). Now move the denominators in the fractions in each 
bracket in front of the x in the same bracket. If there was no changes in Steps 1 and/or 2, 
the two linear factors obtained at this point will have integer coefficients and are the required 
linear factors of the original second-degree polynomial. If there were changes in Steps 1 
and/or 2 go to Step 6, otherwise STOP. 

Adjust the final expression in accordance with changes made in Steps 1 and/or 2 - STOP. 



The Guaranteed Factor Method is best illustrated by examples for each of the three cases. 

Case 1 - Error Message 



Example 1 

Find the factors, relative to the integers, of the expression 2x 2 + 5x + 7. 



Solution 

Step 1 : No Change - the sign of the x 2 term is positive 
Step 2 : No Change - there are no common factors 

Step 3 : Comparing 2x 2 + 5x + 7 with Ax 2 + Bx + C gives A = 2; B = 5; and C = 7 
Step 4 : Execute the program with A = 2; B = 5; and C = 7. The calculator displays the following 
error message : 

ERR:NONREAL ANS 

1 :Quit 

2:Goto 



In this case the second-degree polynomial 2x 2 + 5x + 7 CANNOT be factored relative to 
the integers because its zeros are imaginary - STOP (press 1 to Quit and return to the 
home screen). 



